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A method f or overcurrent protection in a superconducting cable. 

The invention relates to a method for overcurrent protection in a superconducting 
cable. 

5 

Furthermore, the invention relates to a superconducting cable. 

When using superconducting cables In a high-voltage system, it is Important that 
said cables are protected from overcun-ents since the result of overcun-ents in the 
- 1 0 cable conductor of a superconducting cable is loss of superconductivity thereof. 

This means that the cable could soon be exposed to destruction, since the super- 
conducting tapes conducting the current are not at all adapted to transmit large cur- 
rents, yuhen they are not superconducting. 

1 5 A tj^ical requirement for a superconducting cable is that it should be protected from 
overcurrents. 

This protection requirement may e.g. be that the cable should be able to withstand 
approximately 40 kA for 1 second. 

20 The object of the invention is now to provide a method for protecting a supercon- 
ducting cable, accommodating the requirements stipulated above. 

The objective of the Invention Is fulfilled by a method of the type defined in the pre- 
amble of claim 1, the method being characterized in that a cun-ent detector, which 
25 can be constituted by a part of or all of the cable, is inserted In series with the cable 
conductor of the superconducting cable. 

Hence, constant monitoring of the cun^nt in the superconducting cable during op- 
eration is ensured, so that if the cun-ent exceeds some predetermined limits, the cur- 
30 rent will be broken or limited prior to a destnjctive, heavy heating of the cable. 

By the insertion, as indicated In daim 2. of at least one superwnductlng piece as 
current detector, reliable overcun-ent detection is obtained, since the superconduct- 
Ing pieces - if exposed to a current that is too high - exit their superconducting state, 
35 causing an intense generation of heat in the superconducting pieces. 
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This generation of heat can then be used if, as indicated in claim 3, a fuse is in- 
serted as a circuit breaker to break the current to the cable conductors of the super- 
conducting cable. 

5 With a view to accommodating the time delay in a circuit breaker, specifically the 
inevitable time delay defined by the period of time necessary for breaking a current 
by means of a circuit breaker, it is advantageous, as indicated in claim 4, to insert a 
cold shunt in parallel with the cable conductors of the superconducting cable, the 
cold shunt being designed to be capable of canying e.g. 40kA in 0.1 second. 
- 10 ' 

For diversion of the current to the superconducting cable after the above-mentioned 
0.1 second has elapsed, an electrical conductor is preferably inserted, as indicated 
in claim 5, in parallel with the cable conductor of the cable and the current detector, 
said electrical conductor having a higher impedance than the superconducting cable 
15 when In its superconducting state. 

Thus, when the superconducting state ceases, the current is allowed to be diverted 
in the hot shunt. 

Additional appropriate embodiments of the method are set out in claims 

20 

As already mentioned, the invention also relates to a superconducting cable. 

This cable is of the type defined in the preamble of claim 9 and is characterised in 
that the cable conductor of the cable is connected in series with a current detector 
25 for detecting overcurrents and a circuit breaker or a current limiter. 

Appropriate embodiments of the cable are set out in the independent claims 8-14. 

In the following, the invention will be discussed in greater detail with reference to an 
30 exemplary embodiment shown in the drawings in which: 

Fig. 1 shows a basic construction of a superconducting cable with overcurrent pro- 
tection according to the invention, 

35 Fig. 2 shows a more detailed construction of an embodiment of the cable with over- 
current protection according to the invention, 
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Fig. 3 shows the relationship with respect to time between currents flowing in the 
cable according to Fig. 2 in an overcurrent situation, whereas 

5 Fig. 4 shows in perspective and partially intersected a superconducting cable v^h 
overcurrent protection according to the invention. 

in Fig. 1 a superconducting cable is denoted by 1. said superconducting cable pos- 
sibly, as known in the art, being constructed of a core, around which one or more 
- 1 0 layers of superconducting tapes 4s/are wound. 

Current detectors 3, 4 are coupled to the ends of the cable, the cun-ent detectors 
having built-in circuit brealcers or current limiters. 

The current detectors may e,g, comprise superconducting pieces such as YBCO or 
16 Bi 2212 with built-in circuit breakers, and may be dimensioned such that they 

quench at a lower current than the superconductor of the actual cable, implying that 
if the cun^ent in the superconducting pieces exceeds a certain value, then the cur- 
rent to the superconducting cable will be broken after a short period of time. 
By use of current limiters, the cunent will naturally be limited. 
20 A hot shunt is coupled in parallel with a series connection of the superconducting 
pieces and the cable conductors of the superconducting cable, said shunt being ca- 
pable of diverting the current supplied for a short period of time if the current detec- 
tors break the current or the cun-ent limiter limits the cun-ent 

25 Fig. 2 shows a more detailed embodiment of the superconducting cable according to 
the invention. 

In this figure, 13 denotes current detectors con-esponding to those denoted by 3 and 
• 4 in Fig. 1 . 

The reference number 7 denotes a superconducting cable corresponding to the ca- 
30 ble 1 of Fig, 1 A cold shunt is provided in parallel with the cable conductors of the 

cable, the shunt being denoted by the reference number 1 1. This shunt is cooled to 

the temperature of the superconductor. On the outside of this cold shunt is a cry- 

bstat 8. and on the outside thereof is an electrical insulation 9. 

On the inside of the electrical insulation 9, an electrical conductor 10 is provided, 
35 which is made e.g. of copper and serves as a hot shunt at ambient temperature, cf. 

below. 
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The operation of the current detector in the superconducting cable will now be ex- 
plained in greater detail with reference to the current plot of Fig. 3. 

5 If it is ascertained that a current, which is too high, is flowing in the superconducting 
pieces 3, 4 or 13, the cun^nt will in a short time period flow in the cold shunt 1 1 . 

Then the current will be fed to the hot shunt 10, wherein the current will increase 
steeply as indicated by the broken line in Fig. 3 at the time 0.1s. At the same time, 
1 0 the current in the cold shunt 1 1- will decrease steeply. 

Damage to the superconducting cable in the event that its superconductivity ceases 
can thus be avoided, which means that it becomes ohmic and consequently not ca- 
pable of conducting the usual currents that can be conducted In the superconducting 
15 state. 

Fig. 4 shows in perspective and partially intersected a superconducting cable as oc- 
curring in actual practice, which can be used in connection with the cunrent protec- 
tion as explained in connection with the preceding figures. 

20 

In this figure. 12 denotes a shield on the outside of which is a jacket 14. Inside the 
jacket is a dielectric insulator 15 surrounding an outer steel tube 16. 
Inside the steel tube 16. spacers 17 are arranged that are supported by an alumin- 
ium foil 18 abutting an inner steel tube 19. 
25 Inside the inner steel tube 19 a number of superconducting tapes 20 are wound 
around a hollow core 21 . 

The cooling of the superconducting tapes can be effected by supplying refrigerant to 
the channel 22 of the hollow core. 

30 The reference number 23 denotes the position in which the cold shunt can be 

placed as explained above, whereas the reference number 24 denotes the position 
within the dielectric insulator, where the hot shunt can be placed. 
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Claims: 



1. A method for overcurrent protection in a superconducting cable, 

5 character! zed in that a cun-ent detector, which can be constituted by a part of 
or all of the cable, is Inserted in series with the cable conductor of the 
superconducting cable. 

2. A method according to claim 1, characterized in that at least one super- 
. 1 0 conducting piece is inserted as. the current detector. 

3. A method according to claim 1 or 2, c h a r a c t e r i z e d in that a fuse is inserted 
as the circuit breaker 

15 4. A method according to any of claims 1-3, c h a r a c t e r I z e d in that a cold 

shunt is inserted in parallel with the cable conductors of the superconducting cable. 

5. A method according to any of claims 1-4, characterized In that an electri- 
cal conductor is inserted in parallel with the cable conductors of the superconducting 

20 cable and the current detector or current limrter, said electrical conductor having a 
higher impedance than the superconducting cable when in its superconducting 
state. 

6. A method according to any of claims 1-6, c h a r a c t e r i z e d in that a material 
25 comprising a superconducting material quenching at a lower current than the super- 
conducting cable is inserted as the current detector. 

7, A method according to any of claims 1-6, c h a r a c t e r i z e d in that the current 
detector comprises a relay or a fuse, a thyristor, a transistor, or similar power elec- 

30 tronic components. 

8, A method according to any of claims 1-7. c h a r a c t e r i z e d in that the cun^ent 
detector is constituted by a current-dependent resistance. 
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9. A superconducting cable characterized in that the cable conductors of the 
cable are connected in series with a current detector for overcurrent detection and a 
circuit breaker or current limiter 

5 10. A superconducting cable according to claim 9, characterized in that the 
circuit breaker comprises a fuse. 

1 1 . A superconducting cable according to claim 8 or 9, characterized in that 
the current detector Is constituted by a superconducting material such as YBCO or 

■ 10 B\22M. 

12. A superconducting cable according to any of claims 8-11, characterized 
in that a cold shunt is coupled in parallel with the cable conductor of the cable. The 
cold shunt is wound in such a way that the current in this is reduced to a minimum 

1 5 during nomial operation. 

13. A superconducting cable according to any of claims 10-12. characterized 
in that a shunt at ambient temperature is coupled in parallel with the superconduct- 
ing material of the superconducting cable, and the current detector. 

20 

14. A superconducting cable according to claim 9, characterized in that the 
circuit breaker comprises high-speed power electronics. 



i 
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A method for overcurrent protection in a superconducting cable. 
ABSTRACT 

5 By a method and a superconducting cable for overcurrent protection, a current detector 
comprising a circuit breal<er or a current limiter is inserted In series with the superconduct- 
ing cable, which current detector can be constituted by a superconducting material 
quenching at a lower current than the cable conductor of the superconducting cable. 

10 When the cun^nt in the superconducting material gets too high. It Is fbr a short time period 
fed to a cold shunt that is coupled in parallel with the cable conductors of the supercon- 
ducting cable. After the short time period, the cunent Is fed to a hot shunt that Is coupled In 
parallel outside the cable conductors of the cable, causing heat dissipation to be effected at 
room temperature. 

15 

By use of the method and the cable according to the invention, destruction of the cable is 
prevented should the superconducting cable lose its superconductivity. e.g. due to cooling 
failure, whereupon normal operation may soon be resumed without restoration of damages 
being necessary. 

20 

It is proposed that Fig. 2 be published. 



25 



30 



35 
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sponding to the method of claim 1 . 

3. The additional subject-matter disclosed in dependent claims 2 to 8 and 10 to 14 is 
either known from the other documents cited in the search report or easily 
available to the skilled person. 
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Amended description and Claims PCT/DKOO/00227 
A method for overcun'ent protection in a suoerconductino cable. 

5 The invention relates to a metJiod for overcurrent protection in a superconducting 
cable, comprising a current detector, wliicli is inserted In series with the cable 
conductor of the superconducting cable 

Furthermore, the invention relates to a superconducting cable, wherein the cable 
10 conductors of the cable are connected in series with a current detector for 
overcurrent detection. 

When using superconducting cables in a high-voltage system, it is important that 
said cables are protected from overcurrents since the result of overcurrents in the 
15 cable conductor of a superconducting cable is loss of superconductivity thereof- 
This means that the cable could soon be exposed to destruction, since the super- 
conducting tapes conducting the current are not at ail adapted to transmit large cur- 
rents, when they are not superconducting. 

20 A typical requirement for a superconducting cable is that it should be protected from 
overcurrents. 

This protection requirement may e.g. be that the cable should be able to withstand 
approximately 40 kA for 1 second. 

25 JP 01 039230 discloses a method for protecting a superconducting cable against 
overcurrent by inserting a current detector in series with the cable conductor. 

The object of the invention is now to provide a method for protecting a supercon- 
ducting cable, accommodating the requirements stipulated above. 

30 

The object'r/e of the invention is fulfilled by a method of the type defined in the pre- 
amble of claim 1, the method being characterized in that an electrical conductor is 
inserted in parallel with the cable conductors of the superconducting cable and the 
current detector. 

35 



AMENDED SHEET 



Hence, constant monitoring of the cun^ent in the superconducting cable during op- 
eration Is ensured, so that if the current exceeds some predetermined limits, the 
current will be broken or limited prior to a destructive, heavy heating of the cable. - 
Thus, when the superconducting state ceases, the current is allowed to be diverted 
5 in the hot shunt. 

As indicated in claim 4, that the current detector constitutes at (east one super- 
conducting piece, reliable overcurrent detection is obtained, since the 
superconducting pieces - rf exposed to a current that is too high - exit their 
10 superconducting state, causing an intense generation of heat in the 
superconducting pieces. 

This generation of heat can then be used if, as inter alia indicated in claim 6. a fuse 
is inserted as a circuit breaker to break the cunrent to the cable conductors of the 
15 superconducting cable. 

With a view to accommodating the time delay in a circuit breaker, specifically the 
inevitable time delay defined by the period of time necessary for breaking a current 
by means of a circuit breaker, it is advantageous, as indicated in claim 8, to a cold 
20 shunt is inserted in parallel with the cable conductors of the superconducting cable 
The cold could be designed to be capable of carrying e.g. 40kA in 0,1 second. 

It is noted that the for diversion of the current to the superconducting cable after the 
above-mentioned 0.1 second has elapsed, then the electrical conductor is 
25 preferably Inserted. 

Additional appropriate embodiments of the method are set out In claims 2,3.5 and 
7. 

30 As already mentioned, the invention also relates to a superconducting cable 
wherein the cable conductors of the cable are connected in series with a current 
detector for overcunrent detection 
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This cable is of the type defined in the preamble of claim 9 and is characterised In 
that an electrical conductor is Inserted in parallel with the cable conductors of the 



5 Appropriate embodiments of the cable are set out in the independent claims 1 0-14. 

In the following, the invention will be discussed in greater detail with reference to an 
exemplary embodiment shown in the drawings in which: 

10 Rg. 1 shows a basic construction of a superconducting cable with overcurrent pro- 
tection according to the Invention, 

Fig. 2 shows a more detailed construction of an embodiment of the cable with over- 
current protection according to the invention, 

15 

Fig. 3 shows the relationship with respect to time between currents flowing in the 
cable according to Fig. 2 in an overcurrent situation, whereas 

Fig, 4 shows in perspective and partially intersected a superconducting cable with 
20 overcurrent protection according to the invention. 

In Fig. 1 a superconducting cable is denoted by 1, said superconducting cable pos- 
sibly, as known in the art, being constructed of a core, around which one or more 
layers of superconducting tapes is/are wound. 



Current detectors 3, 4 are coupled to the ends of the cable, the current detectors 
having built-in circuit breakers or current limiters. 

The current detectors may e.g, comprise superconducting pieces such as YBCO or 
Bi 2212 with built-in circuit breakers, and may be dimensioned such that they 
30 quench at a lower current than the superconductor of the actual cable, implying that 
if the current in the superconducting pieces exceeds a certain value, then the cur- 
rent to the superconducting cable will be broken after a short period of time. 
By use of current limiters, the current will naturally be limited- 

A hot shunt is coupled in parallel with a series connection of the superconducting 
35 pieces and the cable conductors of the superconducting cable, said shunt being ca- 



superconducting cable and the current detector. 
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pable of diverting the current supplied for a short period of tinne if the current detec- 
tors break the current or the current limiter limits the current. 

Fig- 2 shows a more detailed embodiment of the superconducting cable according 
5 to the invention. 

In this figure, 3,4 again denotes current and the reference number 7 denotes a 
superconducting cable. 

A cold shunt is provided In parallel with the cable conductors of the cable, the shunt 
being denoted by the reference number 11. This shunt is cooled to the temperature 
10 of the superconductor. On the outside of this cold shunt Is a cryostat 8, and on the 
outside thereof is an electrical insulation 9. 

On the inside of the electrical insulation 9, an electrical conductor 10 is provided, 
which is made e.g. of copper and serves as a hot shunt at ambient temperature, of. 
below. 

15 

The operation of the current detector in the superconducting cable will now be ex- 
plained In greater detail with reference to the current plot of Fig. 3. 

If it is ascertained that a current, which is too high, is flowing In the superconducting 
20 pieces 3, 4 the current will in a short time period flow in the cold shunt 1 1 . 

Then the current will be fed to the hot shunt 10, wherein the current will increase 
steeply as Indicated by the broken line in Fig. 3 at the time 0,1s- At the same time, 
the current in the cold shunt 1 1 will decrease steeply. 

25 

Damage to the superconducting cable in the event that its superconductivity ceases 
can thus be avoided, which means that it becomes ohmic and consequently not ca- 
pable of conducting the usual currents that can be conducted in the 
superconducting state. 

30 

Fig. 4 shows in perspective and partially intersected a superconducting cable as oc- 
curring In actual practice, which can be used In connection with the current protec- 
tion as explained In connection with the preceding figures: 
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In this figure, 12 denotes a shield on the outside of which Is a jacket 14. Inside the 
jacket IS a dielectric insulator 1 5 surrounding an outer steel tube 1 6. 
Inside the steel tube 16, spacers 17 are arranged that are supported by an alumin- 
ium foil 1 8 abutting an inner steel tube 1 9, 
5 Inside the inner steel tube 19 a number of superconducting tapes 1 are wound 
around a hollow core 21 . 

The cooling of the superconducting tapes can be effected by supplying refrigerant 
to the channel 22 of the hollow core. 

10 The reference number 11 denotes the position in which the cold shunt can be 
placed as explained above, whereas the reference number 24 denotes the position 
within the dielectric insulator, where the hot shunt can be placed. 
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Claims: PCT/DKOO/00227 



5 1. A method for overcurrent protection in a superconducting cable, comprising a 
current detector (3,4), which is inserted in series with the cable conductor of the 
superconducting cable, characterized in that an electrical conductor (10) 
is inserted in parallel with the cable conductors of the superconducting cable (1) 
and the current detector (3,4). 

10 

2. A method according to claim 1 character! zed in that the electrical 
conductor (10) has a higher impedance than the superconducting cable (1) 
when in Its superconducting state. 

15 3. A method according to claim 1 - 2, characterized in that the electrical 
conductor (10) is placed outside a cryostat (8) of the superconducting cable (1), 

4. A method according to claim 1-3. characterized in that the current 
detector (3.4) constitutes at least one superconducting piece, 

20 

5. A method according to any of claims 1-4, characterized in that the 
current detector (3,4) comprises a superconducting material which quenches at 
a lower current than the superconducting cable (7). 

25 6. A method according to any of claims 1-5, characterized in that the 
current detector (3,4) comprises a relay or a circuit breaker e.q. fuse, a thyristor, 
a transistor, or similar power electronic components. 

7. A method according to any of claims 1-6, c h a r a c t e r I'z e d in that the 
30 current detector (3,4) is constituted by a current-dependent resistance. 

8- A method according to any of claims 1-7, character izedin that a 
cold shunt (11) is inserted In parallel with the cable conductors of the 
superconducting cable (7). 

35 
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9. A superconducting cable (1) wherein the cable conductors of the cable are 
connected in series with a current detector (3,4) for overcurrent detection, c h a 
racterizedin that an electrical conductor (10) is inserted in parallel with the 
cable conductors of the superconducting cable (1) and the current detector 
(3.4). 

10. A superconducting cable according to claim 9, characterized in that 
the electrical conductor (10) has a higher impedance than the superconducting 
cable (1 ) when in its superconducting state. 

1 1 . A superconducting cable according to claim 9 or 10, characterized in 
that the electrical conductor (10) is placed outside a cryostat (8) of the 
superconducting cable. 

12. A superconducting cable according to claim 11 characterized In that 
the cold shunt (8) is wound in such a way that the current in this Is reduced to a 
minimum- during normal operation. 

13. A superconducting cable according to claim 9-12, characterized in 
that the cun-ent detector (3.4) comprises a circuit breaker or a current limiter, 
and that the circuit breaker comprises a fuse and/or high-speed power 
electronics. 

14. A superconducting cable according to claim 9-13, characterized in 
that the cument detector is constituted by a superconducting material such as 
YBCOorBi2212. 
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MG Madagascar 

MK The former Yugoslav Republic of Macedonia . . . 

MN Mongolia 

MW Mala\Ni 

MX Mexico 

NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

RU Russian Federation 

SO Sudan 
SE Sweden 
SG Singapore 

St Slovenia 

SK Slovakia , .and ■ -Utility - Wodel- • • • 

SL Sierra Leone 

TJ Tajil$s>Un 

TM Turkmenistan 

TR Tufkc)' 

TT Trinidad and Tobaco 

UA Ukraine 

UG Uganda 

US United States of America 



Republic of Korea 

Kazakhstan 

Saint Lucia 
Sri Lanka 



El 

a 

EI 

El 
SI 
B 
El 
IS 

Chcck-boNca reserved for designating State* which have 
become parr>- to the PCT after issuance of this sheet: 

H = Mo/occo . . S . D o.mi n.i c a 

(3 TZ = TanzanlB ^ C o s t a_ R i c a 



U2 
VN 
YU 
ZA 

z\v 



Uzbekistan . . 
Vict Nam . . . 
Yugoslavia . . 

South Africa . 

Zimbabwe . . 



Pn:c»ucion:uy DesignatioQ StntcmcnC: In addition (o the designations made above, the applicant also makes under Rule 4.9(b) all other 
designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being excluded 
from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and iliit any 
designation which is not confirmed before the expiration of 1 ? months from the priorits' date is to be regarded as xeithdravvn b\ahc applicant 
at the c:<piraiion of that time limiL (Cc'ijtrmao'ott o/a desiffiaiiC'i cottsuo cif/hejiiingqf a 
Ot€ designation o/td cotifimiah'on/ees. Cottjinuafion miist rdach tfug rtceiviiig Offf^e uithbt iha /iv»ionrft riffle limtQ 



Form PCT/RO- 101 (second sheet) (July 1999) 



See Kotei lo ihi requvst/orm 



S8SC«^Cf^SI^ XVd ST:ST TOOZ TT/IO 



Sheet No. 



Filing date 
of earlier application 


Number 
of earlier application 




Where earlier application is: 


national applicatioi.. 
country 


regional application:* 
regional Office 


interaationaj application: 
reeeivinft Office 


item (!) 
17-05-1999 


1999 00685 


DeninAr*lr 






iietn (2) 

17-06-1999 


1999 00864 








Item (3) 











Bo:c No. VI PRIORITY CLAIM 



r*1 Further priority claii 



of the earlier applicaiion{s) (only I/the eariier application was filed with the Qffice which for ths 
purposes of the present international application is the receMng Office) identified above as iicm(5): 



• mere the earlier application a an ARJPO application, it is mandatory to indicate in the Suppleme»tal Box at least One country t^^r^, /« ih^ p«-.v 
Con-^ntionfor the Protection ofinduitrial Property ft^ ^.hich that eariiir application misfiledfRule 4, imOQ) fee ^u^^ ^'^'^ 

Box No, VII INTERNATIONAL SEARCHING AUTHORITY " ' 



Choice oflnternationalSearehiDS Authority (ISA) 
fif nvo or more International Searching Authorities are 
competent to carry out the International search, indicate 
the Authority chosen: the two^etter code may be used/. 

ISA/EP 



Requ«e to use results ofearlier search; reference to that search (if an eariier 
search has been carrledout by or requested from the Jniemattanaf Searching Jfuthori^): 
D^ic(d^/month/ifearj Number CouniiyA«-«^/wifl/Q^c^ 



Box No, VIII CHECK LIST; LANGUAGE OF FILING 



This international application contains 
the following number of sheets: 

request 

description (excluding 
sequence listing part) 

claims 

abstract 

drawings 

sequence listing part 
of description 



:4 
:4 

•2 



Total number of sheets : 13 



Figure of the drawings which 
should accompany the ab.stract: 



This international application is accompanied by the item(s) marked below: 

I. □ fee calculation sheet 

2- □ separate signed power of attorney 

3. □ copy of general power of attorney; reference number, if any: 

4. Q statement explaining lack of signature 

5. □ priority document(s) identified in Box No. VI as item(s): 

6. □ translation of international application inio (language): 

7. □ separate indications concerning deposited microorganism or other biological material 

8. □ nucleotide and/or amino acid sequence listing In computer readable form 

9. □ other ^jr^cj^/- 



Language of tiling of the 
international application: Engll sh 



Box No, IX SIGNATURE OF APPLICANT OR AGENT 



t^ext to eaef, signature, if^dicatc the name t^theperzen signing and the capadiy In which t^ 

NKT Research A/S 



Ole Jagtboe 
Patent Manager 



1. Date of actual receipt of the purported 
intemational application: 



For receiving Office use only 



3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported intemational application: 



4. Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 



International Searching Authority ^ 
(if two or more are competent): i ^ A / 



□ Transmittal of search copy delayed 
until search fee is paid. 



2. Drawings: 
I I received: 

I I not received: 



Date of receipt of the record copy 
by the International Bureau: 



For Intemational Bureau use only < 



Form PCT/RO/IOI (last sheet) (July 1998: reprint January 2000) 



See Notes to the request form 



dooi;^ 



s^1»8/ll ^001 ld:10 PAX d5434S3$85 NET RMQUtch, Group IP 

I PATInT COOPERATION TREATY 



Fram ihe UVTERNATIONAL SEARCHING AUTHORITY 



0/0092?? 
PCX 



NIVl KutAKuh ttNIHK A/5, 

Attn. JASTBOE, 01 e. 
Priorparken 878. 
0K-^2605» Brondby 
DENMARK 


NnTIFlCATION OF TRAMSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCTRule^.1) 


DatR nf mRlrio 

(dayAnonthfye^l 20/11/2000 


AppOcomfo or agent'e file referenoo 
RESE PA 9902 WO 


FOR FURTHER ACTION R«o r«raaranhfi 1 anH ^ Mow 


IntemdUuirdl appduatiuri Nu. 

PCT/DK 00/00227 


li (UjrtialiorBil (iliiiy ddlu 
f(/dy//nontfi»8»j 04/03/2000 


Applicant 

* 

NKT RESEARCH A/S 



1 , ^] The applicant i« haraby notififld that ih* International Gearch Report haa been established and fa trancraltEed herewith. 

Filing of emend m onto ond ofaitenicnt under Artiolc lOi 

Tne applicant is endifed, ir ne so wishes, to amend ine dainis of me tneinailonal AppUcenlon (see Rule 46): 

When? The time Omit for filing euoh amondmnntB ie nonraO/ 2 monihc from the data of tranemlKal of the 
Imemational Search Reporc: however, for more details, see the notes on the acoemparqrlng sheet 

Where? Directly to the Int^msaionai Bureau of WIPO 
34, chemin dea Oolombsttea 
1211 QeiitsvaZO, dwlUeilaiU 

Fasoimlie No,: (4i-^) y4u.14.-j5 
Pnr mnm Harallwf ini:tniRttons, rra The nntoR nnihR flnmmpnnyino fthRf^. 

2. n The applicant is hereby notified lhat no InlftirvatJonal Swimh Repnrt wiO ha afifAhllfdiart and Thnt thA rindnnrtlnn under 
' — I Artiolc 1 7<a)(oO » thOlt effect ic troncmluod herewith. 

8. □ Wnn regara 10 ine protest egamst payment of (an) additional riHj(s) unUtfi Rule 40^8, llie ««4;liui«« l» iiutifi«U d via. 

□ thepfmasitoQmhGr with the dedskm thereon tras been trsnsmlted to Ihe iniernationaiBuraau toge^erwitntne 
flnnlk^jint*R raniwi^ rn thnvarrt rhnf esrlft nf hnfh this protesl dnd the decision thereon to IhB deslonated Offices. 

[~| no decliiion has; been made yet on the protest: The appOcant will be notified as soon as a decision is made. 

4. FurlliBf a(;tiun(s) : Tl iti applictti it i» \m\m lUcU uf 0 le totiOwiOd; 

Short!/ after ie months from the priority data, the tmematjonal application will be published by the International bureau. 
If th9 ap^icant wishes to avoid or po«tpnno pifhiiratinn, a nntinn nf wlihdrawRl nrthn international appllcasion, or of the 
priorlw claim, muet reach the Iniomationa! Bureau as proNfided In Rulee BOWfcl and SOW* J, racpoctivoly, before the 
completion of the technical preparations for intemertSonal puMicatfon. 

Within 19 months from the priority date, a demand for intemaDonai preliminary axaminaoon must be filed if the apFriicam 
wlfihea to poRipnne fhn entry into ihe national phase until SO months from the pnority date on some Offices even later). 

Within 20 months from the priority date, the applicant must perform the preecribed acts for entry into the national phase 
bufure all designaied Offices wl lidi leive nui Iwen eleUed In Uie deiiittiKJ in a Idter election v^n 1 8 mondis from the 
pnomy tsate or cx3uw not be sieosc] because mey are not bound by Cnapier il. 



Name and maling addross of the Intemaiional Searehino AutlloHty 

European Patem omce, p.b. 56i6 Pammiaan 2 
NL^2280 HV R||sw$k 

Tel. -70) sao-andT. T^ at fisy ^po m. 

Fox: (+31 70)840 3018 



J 



Authorised nffinar 

Gregory Adan 



Form PCT/ISA/7?n (Jiiy IflQR) 



EXPRESS MAIL LABEL 
NO.:EV 011019060 US 



2001 14:10 PAX i5434S3585 NKT Research. Group IP 1^004 



NOTES TO FORM PCT/ISA/220 



Th«!ip Nol^pR arp InTpndori m giwp t*^ baelo inGtmcdons concerning the filing of amendinents ondar anjelo l 0. Tho 
Notes are baccd on *e rcquf remento of iho Patent Coopcnilion Troaty» the Regutoiions and the A dmlnfatraiiva Inainjctiona 
under thai Trebly. In taiw oTdnureparcy between these Notes and those requlremems, the lanerare appltcans. For more 
detaued monraion, see also me pu I Appboantis Uuide, a pubHealion ot WIPO. 

In these Noteft, -Article', 'Rule', and 'Section" refer to the provbkme of the PCX, •» rCT RegulaHons and the POT 
Adminlarcitive liisliuuiuns, iuis|jeUively. 



INSTRUCTIONS CONCERNING AM£NCIMbNlS UNUbR ARIlCLb 19 

T^e appltoent has, alter having received the Imsmaironal eaaroh repoa one opponunlt/io amend *eclalnM of the 
imemational »piicaiion. It ehouid however be emphasixed thai, since all pans of me irnernaiionai appiicaiion (claims 
descripdon anScte/vlnos) may be amended durina the IntemaiionaJ pronminaiY examfciajipn P2oedurcjViere Is usually 
no noid to fie amendments of the clakns under Article 19 except where, e^. the apdicart -ante the latter to be pubished 
for tfio puipoceo of previcJenol proteotion or Kao another reason for amondin9 the dalmc before Imemadonal publication. 
FuiUttHiiM ts. H siKiuld be emphasised llial piVfbkwial ptxAeoitofli Is available In some aiates only. 

What ports of the Internallonal application m^ he ampnrlwl^ 
1 Indnr Artidn 1 B, only the claims may be amended. 

During the International phoae, the oloimb may olco be amended (or furtfior amondod) under Anido 34 betore 
Uie iiUeinaOonal Preliminaiy Examining Authority. The description and drtwringa may or^ be amended under 
Article 34 before the imemaoanai kxamining Aumomy» 

I Ipnn anrry Inm th« n?ifional phase, all parta of the intRmationai appiicaiion may bo amended under ArtidB 28 
OTi where eppliedsle, Artide 41. 

When? WIUHii2iiiuiilli»iiuin Uib dale of irai*»6mhtalofiheln»matlonalseardif«poitor 10 months from 

doe whicheveriime llmli expires later, ttsnoulfl tM noiea, however, ihar the amendmenw will be coriskJeied 
as havlnp been focaivad orTfime II ihev are received by tfie imemaftonai uureau fne^J^ ®v;rgon o^^^^^ 
arfiOnflhiR Time Bmit but bafore the completion of the technical preparations for international publieaflon 
(nule4e.1). 

Where not to We the amendmenta? 

I he amemimems may only be filed wim me ireemanonai Bureau and not wiih die rauuivirm oiiius ui Uie 
International Searching Authority (Riie46.2}. 

Where o demand for imemationd pieliminary examlnadon has beenns filed, see below. 

HOW? either cancelling one or mure wdlie uialiiis, by adding one or more new daims or by emewRng tho Te« of 

one or more or the claims as tsed. 

A repianfimam Rheal mwt hfi « jbmlited for each sheet of tfiB dalms Which, on aooouni of an amendmem or 
amsndmente, diHers from the sheet originally filed. 

All ma claims aDDeesIng on a replaceniaii si wei ntwil be numbered In Arabic numerate* Where a dalm ie 
canned no SwiSw^OT the other claims is requii^. Inallcaaes^are dalms are renumbered, ihey u.usi 
™nL»nte^^ Ineimodons. Secdon 205(b)). 

Iho amondmerrto must be made In the ianguage in vrhleh the liUernattonal application Is to hA piihUisherf. 

What doeumante must/may oeeompany the amendments? 
Leuer (Secifon 20S(b}): 

■Rie amendments must be submitted with a letter. 

The letter wll nm bo publiehed with the Inleoiatlonal application and the emended f J*,""* 

confused with the •3»tament under Artide 19(1)* {see below, under -Steiemem under Artide 1B(i)"). 

The letter must be In EnQlish or French, the choice ot the affi'^JS- «f J^ySl.^^^^^^ 

inf«maif rviAi appiicahnn u English, the letter must be In Enslbh: M the lenquaae of the intemaflonai appncation 

le French, the letter must be In French. 



NousotD Fonn PCT/ieA/220 (fird dioot] (July lOGS) 



^/ll 2001 lit 10 PAX 4B134S35$6 NKT Research. Group IP kOOOS 



NOTES ICI FORM PCT>ISA/220 (emtlnuttd) 



I he letler must tndtcaie ^ differences between the dafmft ast fUecl end the daims as amended, ti miM:t, In 
pantculer, Indiffirtn. In mnrwndon with each claim eppeaffng in the {ntomattlonai ^plication (it being undersiDod 
Ihot idemical rndleetione concerning eeveral otohna may be groupedt.whetber 

(1) the clafm is unchanged; 

(i) thQ daim Ie canceled; 

(HQ the daim {( new; 

(iv) thn daim replaces one or more deime ae filed; 

(V] the dcdm ie the result of the divlelon of a claim sua fliod. 



The toliowing exampiee fllustnartB the manner In which amendmente must be eiiptalned In the 
scconipsnyi^B bdter; 

I. rwnere ortgineiiy chere were 4d ctaffns and ener amendment or some claims there are 51]: 
Claims 1 10 29. 31 , 32, 34, 35. 37 to ^ replaced by amended claims bnnrino lha xama ni imbere: 
dnims fV), ^ and 38 imohsviged; new claims dd to E1 added." 

S. [Where originally there were 1 5 gldiili;» w lU ^hw miiHiKinunl uf ziU claims There are 11]: 
Claims I to IS replaced 0/ amended daims i to ii * 

3. [Where oiidnally dm c w«it« 1 4 ctdir^e arid the amendments consist tn canceling some claims and In adding 
new daim^: 

Xialms t to 6 and 14 und^anged; daimA 7 to 1 omnaltori: newdaimA 1f%. is and 17 addad/ or 
"Cleims 7 to 1 3 cancallad; new dalms 15,16 9^6 17 added; dl other daime unehangod.* 

4. [Where various klnriRnfamenrimantft am madi^' 

^Claimfi 1.10 unchanged; ddnw 1 1 to 13, 18 and 10 eancolod; daimc 1 «, 16 and 16 roplocod by emended 
ddm 14; daim t7 aubdivided Into amended dofme 15. 10 end 17; new daims 20 and 21 adJ«U. 



"Siaiemem under anicie I9( i]"* (Huie 4a.4) 

The amendments may Ire liucuiii^ajiieU Uy a stBtetitatii expTdiiiiiig Uw aiiiuiidiiiefits and tndlcaiing any hnpact 
that such amendments migm nave on me descnpuon and tne drawings (wnicn cannot be amended under 
AnidelOd)). 

T>te etatamenl w!tl be puttfiehed with the international applicadbn and the amended oblmc 

ft must be in the language in which the Intamational appBeaaon la to bo publlahed. 

It must be brief, not exceedbig 500 words if In English or if iranslatad into English. 

It shmjlri nnt hn cnnftnuvi wirh anri dnaa nm mplano ihe tetter indlruuing the differences betvueen the daims 
as Hied and as amended. It must b9 filed on a eaparate ehaet and must be IdentiRod ae cuoh by a heading, 
pfeferdaly by using the words 'Qtatemeni under Anide 1 9(1 

It may not contain any disparaging oommente on the international scorch report or the relevance of citations 
vui AaiiioU in Uial repun. Rererencii lo diatUirBi, relevant lo a ghreiii dalrn, contained In the Imarnodonal search 
rapon be made only in connection with an amendmem or mat tiaira 



Consequence ir a demand tor intemaiionai preliminary examination has already been tiled 

ir. at me time or fliiog any amendments and any accompanying statement, under Artide i \}, a demand tor 
international preliminary es^amlnation hae already been submitted, the appTieant muet preferably, at the time of 
filing Thft amRndmann; (and any Afatomanr ) wirh tho Imnmational Riraaii, alan lllo with rha International 
Preliminary Examining Authority a copy of auch amendments (and of any statement) and, where required, a 
Uai addtiun uf sudi aiiieiitiiiienis fur liie piocuOuiu buiare dial AuUiuiliy teeu Hulus S6.a(a) urid 62.a, first 
sentence]. For funher informauon, sea the Notes to me demand iDm (K; I /lKt:A/40l |. 



Consequence with regard to translation of the Imemaliorial app&catien for entry into the national phase 

lUa apploeoU'd aUetiUuti fa Jiawii lu Uw foul Unit, upmi niliy liilu tlie lailiuud plio&w, a liBiislttliuii lA Uie 
daims as amended under Anicte 1 ^ may have to be furnished to the deslgnaied/elecied t^oes, instead of, or 
in addition io. the translation ol the claims aa filed. 

i-or further details on the requirements of each designated/elected Offioe. see Volume II ol the PCT AppQcanTs 

Ruida 



Notoeto Fonn PCT/iSA/SaO (second sheet) (July 1908) 



UQ1371D-8 



IT COOPERATION TREATY 



From Che 

(hiTERNATtONAL PREUMINARY EXAMINING AUTHORITY 



To: 



JAGTBOE, Ole 

LARSEN 5c BimiHOLM A/S 

Banegardspladsen 1 

P.O. Box 362 

1570 COPENHAGEEN V 

DANEMARK 



PCT 



j^iQTIFICATION OF TRANSMITTAL OF 
" INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



(per Rule 71.1) 



Ds£c of mailing 
( day (month /year ) 



1 1. 09. 01 



Applicant's or igeni's file reference 
17503 PCT 


IMPORTANT NOTIFICATION 


lAternnfionsl applicaiion No. 
PCT/DK 00/ 00227 


IntcmaUonal HKng date (daylmonthlyear) 
04/O5-/2000 


Priority date ( day fmonrh /year) 
17/05/1999 


Applicanc 

MKT RESEARCH A/S 



1. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the intemaiional 
preliminary examination report and its annexes, if any, established on the Latcrnacional application. 



2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for commuiucation to all the 
elected Offices. 



3. Where required by any of the elected OfBces, the rDccmaiional Bureau witl prepare an English cransiation of the report (but 
not of any annexes) and will transmit such translation to those Offices. 



REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acti (filing transiations and 
paying national fees) within 30 months from the priority dale (or later in some OfficesX Article 39(l))(scc also the reminder 
sent fay the Internattonal Bureau with Form PCT/IB/301). 



Where a translation of the inLcrnational application must be furnished to an elected Office, that cranstaiion must contain a 
translation of any annexes to the international preliminary czamznaiion report. It is the applicant's responability io prepare 
and furnish such translation directly to each ekcccd Office concerned. 



For further details on the applicable time limits and requirements of the elected Offices, see Volume 11 of the PCT Applicant's 
Ouide. 



Name and mailing address of Che IP£A/ 



European Patent Office 
Will O-8029S Munich 
.SfJl Tel. ( + 49-S9) 2399-0, Tx: S23656 epmu d 
, Fax: ( ^ 49-89) 2399-4465 



Authorized officer 

Paola Ottaviam 




PEA/416 (July 1992) P20473 (12/03/2001 ) 

NO. EV 011019060 US 



08/11^001 14:10 PAX 



NET Research. Group IP 
NT COOPERATION TREATY 

PCT 



0/009 2 ?7 



INTERNATIONAL SEARCH REPORT 

(POT Article ISwkS RuIus 43 BiKi 44) 



Aopicanfs or aosnt's tile reterBnce" 
RESE PA 9902 WO 



FOR FURTHER Nmificailon of TransrnHtal of Imorna^'al Soarah Roport 



ACTION 



(Pomi PCT/I8A/220) 03 woll os, wheK opplleable. Item 5 bdow. 



IntmtiallonBt ttpplioatien No, 

PCT/DK 00/00227 



fQ1n0 dole (de^monih^oar) 

04/05/2000 



Applicant 

NKT RESEARCH A/S 



(EBrilB«9 rviortty Dote fOayAnanlh/yaar) 

17/05/1999 



This Intoinationol 8carch Report has boon prepved by this 
ttULifliHiiy bi AiUtlo 1 6. A w^jy is tiiriiiu btfriMiilUMcJ lu tfra ' 



ThlA tnoeminiond Gearch Report consists of a Toutf of 



dearohlng Authority ond is vonsminodfeotfia appllcM 
eureau. 



.si web. 



[T| itisalsoaocompanled ty atx^olmciipfinrflnflnrjimonrrMinihS^ 



ui tlmiiepuil 

a. Wtth regevd to ihe lansmage, iha intamstlonBl search was canted out oi) Uie tMRHd uf U w liAei iialiuiid appliualiari In t^w 
tanguag^j In which It was fOed, unless othenvlse tmcsM under mis item. 

rn rntomotiona! ocorch was carried out on the basia of o transieitlon of the htBimllonal opplfcadon fumishedto ihis 
' Authority (Rule 2C.1 (U)). 

b. Wfth regard to an/ nucleotide and/or ambio acid saquanoe dlscJo&ad In Ihe inteirkatlOdd UMJliuidiun, Um irttwiailMifBil stfcsdi 
was carried out on the basis of the sequence llsdng : 

oontained In the Intematfonal application In wrtoan form, 
flind tDQpihrpr with th& International appBcatlon in computer readable fonn. 
fijmifthRri KiihRAqi iRniiy to rhiA Aiirhnniy in wricren form, 
fiimiahnri Mjhiwqiienily tn iHa Ainhrwiiy In comfMHi^ readble fomi. 



U 
□ 

n 
□ 

□ 



the statamam that the stibseQuanrly furnished wrBlen aequencsa liiOlno doRa nnf gn hnycwl rhe riiMdAfim bi iho 
IntemationBl appilcalion as filed has been ftimislied. 

thR maiamRnf ihar the fnfoummlinn rormrrlMl in oomputer r««adable form Is klentioal to ihe written sequence Hsilng has been 
furnished 



3. 



n certain claims were lound unsearcnatsie (bee i^x i). . 
n unity or invention is laeung (see bok iq. 



4. Whh regard to the tf tie, 

[TH the tOAl Is «|4A\jvi9U us suUiidiied ljy ilai uppQcdriL 

n ^eA( usiablisli^d by tips Authurlly tu read w follows; 



With regard to the ebatrect* 

Btho Icxt ts opprovod as submitted by the applicant 



the text has been estabflshed. aooordino to Rule 88^(b). by this Aulhorily as It appeals in Box IIL The applleanr may. 
within one month fmm the date of mailing of ihhi infemetianel aearch report, submit ccmmome to inlc Auinority. 



The figure of tha drawings to l^e pgUished «irfth the absuact b Figure Nu. 
T| as suggested by the appltcam. 

I because tho oppKeant faled to suggest a figure, 

beccusG thi3 figure batter characterizes the Invention, 



n Nui le of UiB nyui es. 



fonn r^/lOA/eiO (first sheet) (July leSQ) 



EXPRESS MAIL LABEL 
NO.: EV 011019060 US 



08/11,2001 ld:19 PAX d5i3483585 

IMTERI 



NKT Researcli, Group IP 
NAL SEARCH REPORT 



A OLAgSlPlCATlON OF BU&IECT MATTER 

IPC 7 H02H9/Or 



1^007 



PCT/DK 0G/0Q227 



Accorjirtg to intertaiicii>Ai PAiwii oiaamifiuaMtfn (IPC) Of n tto m neaonai camneanon aog ipq 
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A method for overcurrent protection in a suDerconductina cable 

The invention relates to a method for overcurrent protection In a superconducting 
cable. 

5 

Furthermore, the invention relates to a superconducting cable. 

When using superconducting cables in a high-voltage system, it is important that 
said cables are protected from overcurrents since the result of overcurrents in the 
10 cable conductor of a superconducting cable is loss of superconductivity thereof. 
This means that the cable could soon be exposed to destruction, since the super- 
conducting tapes conducting the current are not at all adapted to transmit large cur- 
rents, when they are not superconducting. 

1 5 A typical requirement for a superconducting cable is that it should be protected from 
overcurrents. 

This protection requirement may e.g. be that the cable should be able to withstand 
approximately 40 kA for 1 second. 

20 The object of the invention is now to provide a method for protecting a supercon- 
ducting cable, accommodating the requirements stipulated above. 

The objective of the invention is fulfilled by a method of the type defined in the pre- 
amble of claim 1 , the method being characterized in that a current detector, which 
25 can be constituted by a part of or all of the cable, is inserted in series with the cable 
conductor of the superconducting cable. 

Hence, constant monitoring of the cun-ent in the superconducting cable during op- 
eration is ensured, so that if the current exceeds some predetermined limits, the cur- 
30 rent will be broken or limited prior to a destructive, heavy heating of the cable. 

By the insertion, as indicated in claim 2, of at least one superconducting piece as 
current detector, reliable overcurrent detection is obtained, since the superconduct- 
ing pieces - If exposed to a current that is too high - exit their superconducting state, 
35 causing an intense generation of heat in the superconducting pieces. 
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This generation of heat can then be used if, as indicated in claim 3, a fuse is in- 
serted as a circuit breaker to break the current to the cable conductors of the super- 
conducting cable. 

5 With a view to accommodating the time delay in a circuit breaker, specifically the 
inevitable time delay defined by the period of time necessary for breaking a current 
by means of a circuit breaker, it is advantageous, as indicated in claim 4, to insert a 
cold shunt in parallel with the cable conductors of the superconducting cable, the 
cold shunt being designed to be capable of canning e.g. 40kA in 0.1 second. 

10 

For diversion of the current to the superconducting cable after the above-mentioned 
0.1 second has elapsed, an electrical conductor is preferably inserted, as indicated 
in claim 5, in parallel with the cable conductor of the cable and the current detector, 
said electrical conductor having a higher impedance than the superconducting cable 
15 when in its superconducting state. 

Thus, when the superconducting state ceases, the current is allowed to be diverted 
in the hot shunt. 

Additional appropriate embodiments of the method are set out in claims 6-8. 

20 

As already mentioned, the invention also relates to a superconducting cable. 

This cable is of the type defined in the preamble of claim 9 and is characterised in 
that the cable conductor of the cable is connected in series with a current detector 
25 for detecting overcurrents and a circuit breaker or a current limiter. 

Appropriate embodiments of the cable are set out in the independent claims 8-14. 

In the following, the invention will be discussed in greater detail with reference to an 
30 exemplary embodiment shown in the drawings in which: 

Fig. 1 shows a basic construction of a superconducting cable with overcurrent pro- 
tection according to the Invention, 

35 Fig. 2 shows a more detailed construction of an embodiment of the cable with over- 
current protection according to the invention, 
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Fig. 3 shows the relationship with respect to time between currents flowing in the 
cable according to Fig. 2 in an overcurrent situation, whereas 

5 Fig. 4 shows in perspective and partially intersected a superconducting cable with 
overcurrent protection according to the invention. 

In Fig. 1 a superconducting cable is denoted by 1, said superconducting cable pos- 
sibly, as known in the art, being constructed of a core, around which one or more 
10 layers of superconducting tapes is/are wound. 

Current detectors 3, 4 are coupled to the ends of the cable, the current detectors 
having built-in circuit breakers or current limiters. 

The current detectors may e.g. comprise superconducting pieces such as YBCO or 
15 Bi 2212 with built-in circuit breakers, and may be dimensioned such that they 

quench at a lower current than the superconductor of the actual cable, implying that 
if the current in the superconducting pieces exceeds a certain value, then the cur- 
rent to the superconducting cable will be broken after a short period of time. 
By use of current limiters, the current will naturally be limited. 
20 A hot shunt is coupled in parallel with a series connection of the superconducting 
pieces and the cable conductors of the superconducting cable, said shunt being ca- 
pable of diverting the current supplied for a short period of time if the current detec- 
tors break the current or the current limiter limits the current. 

25 Fig. 2 shows a more detailed embodiment of the superconducting cable according to 
the invention. 

In this figure, 13 denotes current detectors corresponding to those denoted by 3 and 
4 in Fig. 1. 

The reference number 7 denotes a superconducting cable corresponding to the ca- 
30 ble 1 of Fig. 1 . A cold shunt is provided in parallel with the cable conductors of the 
cable, the shunt being denoted by the reference number 11. This shunt is cooled to 
the temperature of the superconductor. On the outside of this cold shunt is a cry- 
ostat 8, and on the outside thereof is an electrical insulation 9. 
On the inside of the electrical insulation 9, an electrical conductor 10 is provided, 
35 which is made e.g. of copper and serves as a hot shunt at ambient temperature, cf. 
below. 
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The operation of the current detector in the superconducting cable will now be ex- 
plained in greater detail with reference to the cun^ent plot of Fig. 3. 

5 If it is ascertained that a current, which is too high, is flowing in the superconducting 
pieces 3, 4 or 13, the current will in a short time period flow in the cold shunt 11. 

Then the current will be fed to the hot shunt 10, wherein the current will increase 
steeply as indicated by the broken line in Fig. 3 at the time 0.1s. At the same time, 
10 the current in the cold shunt 1 1 will decrease steeply. 

Damage to the superconducting cable in the event that its superconductivity ceases 
can thus be avoided, which means that it becomes ohmic and consequently not ca- 
pable of conducting the usual currents that can be conducted in the superconducting 
15 state. 

Fig. 4 shows in perspective and partially intersected a superconducting cable as oc- 
curring in actual practice, which can be used in connection with the cun^ent protec- 
tion as explained in connection with the preceding figures. 

20 

In this figure, 12 denotes a shield on the outside of which is a jacket 14. Inside the 
jacket is a dielectric insulator 15 surrounding an outer steel tube 16. 
Inside the steel tube 16, spacers 17 are arranged that are supported by an alumin- 
ium foil 18 abutting an inner steel tube 19. 
25 Inside the inner steel tube 19a number of superconducting tapes 20 are wound 
around a hollow core 21. 

The cooling of the superconducting tapes can be effected by supplying refrigerant to 
the channel 22 of the hollow core. 

30 The reference number 23 denotes the position in which the cold shunt can be 

placed as explained above, whereas the reference number 24 denotes the position 
within the dielectric insulator, where the hot shunt can be placed. 
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Claims: 



1 . A method for overcurrent protection in a superconducting cable, 

5 characterized in that a cun-ent detector, which can be constituted by a part of 
or all of the cable, is inserted in series with the cable conductor of the 
superconducting cable. 

2. A method according to claim 1, characterized in that at least one super- 
10 conducting piece is inserted as the current detector. 

3. A method according to claim 1 or 2, c h a r a c t e r i z e d in that a fuse is inserted 
as the circuit breaker. 

15 4. A method according to any of claims 1-3, characterized in that a cold 

shunt is inserted In parallel with the cable conductors of the superconducting cable. 

5. A method according to any of claims 1-4, characterized in that an electri- 
cal conductor is inserted in parallel with the cable conductors of the superconducting 
20 cable and the current detector or cun-ent limiter. said electrical conductor having a 
higher impedance than the superconducting cable when in its superconducting 
state. 



25 



6. A method according to any of claims 1-6, c h a r a c t e r i z e d in that a material 
comprising a superconducting material quenching at a lower current than the super- 
conducting cable is inserted as the current detector. 



7. A method according to any of claims 1-6, c h a r a c t e r i z e d in that the current 
detector comprises a relay or a fuse, a thyristor, a transistor, or similar power elec- 

30 tronic components. 

8. A method according to any of claims 1-7, c h a r a c t e r i z e d in that the current 
detector Is constituted by a current-dependent resistance. 
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9. A superconducting cable characterized in that the cable conductors of the 
cable are connected in series with a current detector for overcurrent detection and a 
circuit breaker or current limiter. 

10. A superconducting cable according to claim 9, characterized in that the 
circuit breaker comprises a fuse. 

1 1 . A superconducting cable according to claim 8 or 9, characterized in that 
the current detector is constituted by a superconducting material such as YBCO or 
Bi 2212. 

12. A superconducting cable according to any of claims 8-11, characterized 
in that a cold shunt is coupled in parallel with the cable conductor of the cable. The 
cold shunt is wound in such a way that the current in this is reduced to a minimum 
during normal operation. 

13. A superconducting cable according to any of claims 10-12, characterized 
in that a shunt at ambient temperature is coupled in parallel with the superconduct- 
ing material of the superconducting cable, and the current detector. 

14. A superconducting cable according to claim 9, characterized in that the 
circuit breaker comprises high-speed power electronics. 
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